The sensitivity to B s meson mixing phenomena can be significantly improved by distinguishing the initial meson flavour. The flavour tagging techniques used in the ATLAS measurement of the angular amplitudes contributing to B s → J/ψφ decays are presented using 4.9 fb −1 of pp data at √ s = 7 TeV from 2011. The methods, their performance and calibration on self-tagged B ± → J/ψK ± data are shown.
Introduction
In the Standard Model, CP violation is described by a complex phase in the CKM matrix. One of the manifestations of this complex phase is a phase shift between direct and mixingmediated B s decays producing a common final state. In the case of B s → J/ψφ decay, this phase shift is predicted to be small: φ s = 0.0368 ± 0.0018 rad [1] . New physics can enhance φ s whilst satisfying all existing constraints. The sensitivity to B s meson mixing phenomena can be significantly improved by distinguishing the initial meson flavour.
In this paper, flavour tagging techniques used in the update [2] to the previous untagged measurement [3] are presented. The analysis uses 4.9 fb −1 of the LHC pp data at √ s = 7 TeV collected by the ATLAS detector in the year 2011. The weak phase φ s and other parameters are extracted from the data by a simultaneous unbinned maximum likelihood fit to the B s → J/ψφ candidates mass and time-dependent angular distributions.
The ATLAS detector
The ATLAS experiment [4] is a multipurpose particle physics detector at the LHC, optimized for high p T physics and instantaneous luminosity up to 10 34 cm −2 s −1 . The detector has a forward-backward symmetrical cylindrical geometry with an almost 4π coverage. Precise tracking is provided by its innermost part, the Inner Detector (ID), which consists of a silicon pixel detector, a silicon microstrip detector and a transition radiation tracker, all immersed in a 2 T axial magnetic field. The ID covers the pseudorapidity region of |η| < 2.5 and is enclosed by the electromagnetic and hadronic calorimeters. The outermost part of the ATLAS detector is the Muon Spectrometer (MS). It covers the pseudorapidity in the interval of |η| < 2.7 and is located within the magnetic field produced by three large superconducting air-core toroid systems.
Flavour Tagging
Initial flavour of neutral B-mesons can be determined using information from the other B-meson typically produced from the other b-quark in the event. This technique is called the Opposite-Side Tagging (OST). From a calibration sample, the opposite-side charge is mapped to a probability P that the event is a B or B. This probability is then put into the likelihood fit on a per-candidate basis. If no tagging information can be provided, P = 0.5 is assigned.
Calibration Sample
Self-tagging decay channel B ± → J/ψK ± can be used to study and calibrate the OST methods. In this decay, flavour of the B-meson at production is provided by the kaon charge. Events from the entire 2011 run are used (integrated luminosity 4.9 fb −1 ). B ± candidates selection criteria:
• the candidate is created from two oppositely-charged muons forming a good vertex
• each muon is required to have p T > 4 GeV and |η| < 2.5
• di-muon invariant mass must be in the range of 2.8 < m(µ + µ − ) < 3.4 GeV
• an additional track with the charged kaon mass hypothesis satisfying p T > 1 GeV, |η| < 2.5, is combined with the di-muon to form the B-candidate
• the B-candidate transverse decay length 1 must be L xy > 0.1 mm to reduce the prompt component of the combinatorial background A sideband subtraction method is used to study the distributions of the signal processes with the background component removed. For this purpose, three mass regions are defined:
• Signal region: around the fitted signal mass peak position µ ± 2σ
where µ and σ are the mean and width of the Gaussian function describing the signal mass. Background is modelled by an exponential (combinatorial background), a hyperbolic tangent function (low-mass contribution from mis-and partially-reconstructed B decays), and Gaussian function (B ± → J/ψπ ± contribution). Individual binned extended maximum likelihood fits are performed to the invariant mass distribution in five regions of B-candidate rapidity. The invariant mass distribution of B ± candidates for all rapidity regions is shown in Figure 1 . 
Flavour tagging using Muons
One method to infer the flavour of the opposite-side b-quark is measuring the charge of a muon from the semileptonic decay of the B-meson. An additional muon is searched for in the event, having originated near the original interaction point. In the case of multiple muons, the one with the highest p T is selected. Muons are separated into their two reconstruction classes 2 : combined and segment tagged. To enhance the separation power, muon cone charge is defined
where κ = 1.1 was tuned to optimise the tagging power; the sum is over the reconstructed tracks within a cone of ∆R < 0.5 around the muon momentum, with p T > 0.5 GeV and |η| < 2.5 (tracks associated to the signal-side are excluded). The muon cone charge distributions from B ± sample for both muon classes are shown in Figure 2 .
Flavour tagging using Jets
In the absence of a muon, a b-tagged jet is required in the event, with tracks associated to the same primary vertex as the signal decay (excluding those from the signal candidate). The jet is reconstucted using the Anti-k t algorithm with a cone size of 0.6. Similarly to the muon cone charge, a jet charge is defined
where κ = 1.1, and the sum is over the tracks associated to the jet. The jet charge distribution from B ± sample is shown in Figure 3 . 
Tagging Probabilities
Flavour tagging enters the fit in the form of the tag probability: a probability that a specific event has a signal decay containing a b-quark, given the value of the discriminating variable P (B|Q) is constructed from the calibration samples for each of the B + and B − samples, defining P (Q|B + ) and P (Q|B − ) respectively. The probability to tag a signal event as containing a b-quark is therefore P (B|Q) = P (Q|B + )/(P (Q|B + ) + P (Q|B − )) and P (B|Q) = 1 − P (B|Q).
Distributions of tag probabilities consist of continuous and discrete parts and are different for the signal and background. Since the background cannot be factorized out, extra PDF terms are included in the likelihood fit. These terms are obtained using a sidebands subtraction technique and fitting the continuous parts with (Chebychev) polynomial as shown in Figure 4 .
Discrete parts (not shown here) have their origin in tagging objects formed from a single track, providing a tag charge of exactly +1 or -1. For the fit, it is important to derive their fractions f +1 , f −1 . These can be found in Table 1 . Figure 4 : Distributions of the B s tag probability obtained using combined muons (a), segment tagged muons (b), and jet charge (c). Black dots are data without the discrete parts, blue is the fit to the sidebands, green to the signal, and red is a sum of both fits. Taken from [2] . 
Tagging Performance
The efficiency of an individual tagger is defined as the ratio of the number of tagged events to the total number of candidates. The tagging power is defined as
where the sum is over the bins of the probability distribution as a function of the charge variable and i is the number of tagged events in each bin divided by the total number of candidates. An effective dilution D is calculated from the tagging power and efficiency. The combination of tagging methods is applied according to the hierarchy of performance, based on the dilution of the tagging method (see Table 2 ). 
Summary
An update to our untagged analysis of B s → J/ψφ decay using 4.9 fb −1 of ATLAS 2011 data was performed. Using the flavour tagging techniques has significantly improved the overall uncertainty of the weak phase φ s :
Untagged : φ s = 0.22 ± 0.41 (stat.) ± 0.10 (syst.) rad Tagged : φ s = 0.12 ± 0.25 (stat.) ± 0.05 (syst.) rad.
Other measured values are consistent with those obtained in our previous analysis and also with the values predicted in the Standard Model. A comparison of the contour plots in the φ s -∆Γ s plane for untagged and tagged analysis is shown in Figure 5 .
[rad] Figure 5: Likelihood contours in the φ s -∆Γ s plane for (a) untagged (taken from [3] ) and (b) tagged (taken from [2] ) 2011 data analysis. The blue line shows the 68% likelihood contour, the dashed pink line shows the 90% likelihood contour and the red dotted line shows the 95% likelihood contour (statistical errors only). The green band is the theoretical prediction of mixing-induced CP violation.
